Introduction
Cerebral mycoses, often a manifestation of systemic infection, have re-emerged in recent times owing to an increasing number of immunocompromised individuals. 1 However, phaeohyphomycosis appears to be an exception, being more frequently observed in immunocompetent adults. 2 In India, it accounts for 2-8% of all central nervous system (CNS) mycoses 3, 4 and it most commonly presents as an abscess or granuloma. It is caused by a group of dematiaceous (otherwise known as phaeoid or melanised) fungi that are particularly neurotropic. Here, we describe a case of primary cerebral phaeohyphomycosis in an immunocompetent boy from rural southern India. The presenting features included meningitis and brain abscess which rapidly progressed to massive occipital lobe and cerebellar infarction with a fatal outcome. Parenchymal infarction is an uncommon complication and the histopathology in our case revealed angioinvasion by dark fungal hyphae.
Case report
A 15-year-old boy from rural southern India presented with headache and blurred vision of two weeks' duration and one day of high-grade fever. Examination revealed signs of meningeal irritation. There were no skin lesions, sinusitis, otitis or any signs of involvement of other organs. A cerebral CT scan showed the presence of hydrocephalus and cerebral oedema without a 'halo' sign. An MRI scan revealed a T1 hypointense, T2 and FLAIR hyperintense lesion with diffusion restriction in the left parieto-occipital region, extending into the subcortex, corpus callosum and right lateral ventricle. Cerebrospinal fluid (CSF) obtained by lumbar puncture had elevated protein (150 mg/dL) and cell counts (250 cells/mL, 90% neutrophils). CSF culture was sterile and a serological test for HIV was negative. Clinically, tuberculous meningitis was suspected and anti-tuberculous therapy along with corticosteroids was initiated. An external ventricular drain was placed to relieve the hydrocephalus. However, the patient deteriorated clinically as he lapsed into unconsciousness. A repeat CT scan showed infarction of a large area of the right occiput (5 Â 5 cm) and in the right cerebellum with perilesional oedema resulting in brainstem compression. After 17 days, the boy succumbed.
A limited post-mortem brain biopsy was performed as consent for a full autopsy was declined. Large areas of parenchymal necrosis and haemorrhage were noted on microscopy, with thrombosed parenchymal and meningeal large blood vessels. Thin-walled, septate, pigmented fungal hyphae with bulbous ends were present, highlighted by periodic-acid Schiff (PAS) and Gomoris methenamine silver stains. They were surrounded by neutrophilic infiltration and there was no evidence of granuloma. The fungal hyphae were invading the vessel walls, causing vascular destruction, thrombosis and haemorrhage. The presence of brownish pigment and bulbous ends favoured phaeohyphomycotic fungi: the Masson-Fontana stain was employed to bring out the presence of melanin pigment ( Figure 1 ).
Discussion
Phaeohyphomycosis is caused by a group of pigmented, filamentous fungal organisms that have melanin in their cell wall. The most common species identified in cerebral phaeohyphomycosis is Cladophialophora bantiana (48%) followed by Ramichloridium mackenzei (13%) and Ochroconis gallopavum (5%). 2 They are ubiquitously found in soil worldwide with the exception of R. mackenzei, which is found only in the Middle East.
These melanised fungi have a predilection for the nervous system and frequently cause primary CNS infection even in an immunocompetent host, unlike other mycotic organisms which usually only affect the CNS in immunocompromised individuals. The mechanism for their virulence and CNS tropism is still unclear; however, the presence of melanin is considered to be a contributing factor. The relationship between melanin and CNS tropism has been studied in Cryptococcus neoformans and Wangiella dermatitidis. Melanin production in C. neoformans is dependent on the presence of enzyme phenoloxidase. The presence of L-dopamine and other substrates for phenoloxidase in the brain has been postulated to contribute to CNS tropism. 5 Also, melanin has been shown to scavenge free radicals and hypochlorite, thus protecting the infective agent from leukocytic oxidative activity. 6 This could explain the ability of melanin-containing fungi to evade the immune system resulting in life-threatening infections in immunocompetent individuals. In a review on cerebral phaeohyphomycosis, more than half of the cases lacked the presence of any risk factors 2 such as malignancy, neutropenia, bone marrow or solid organ transplantation, HIV infection or intravenous drug abuse. Nearly all cases reported from India have been in individuals without any underlying disease. 3, 4 The pathogenesis of primary CNS phaeohyphomycosis is unknown. The infection can reach the CNS via the blood stream or by direct local spread from local infection in the ear or sinuses. However, the majority of cases lack any evidence of local extension. [2] [3] [4] Therefore, the most common pathway appears to be haematogenous spread from a subclinical pulmonary infection, given the ubiquitous presence of phaeohyphomycotic agents in the soil.
In the CNS, phaeohyphomycosis most commonly manifests as brain abscess which can be solitary or multiple, or as cerebritis with extensive necrosis. The infection can also elicit a granulomatous response with giant cells or granuloma. 2, 7 The type of pathology is dependent on the immune status of the individual. Meningitis, encephalitis, myelitis and arachnoiditis are uncommon presentations. About 80% of patients will present with a combination of at least two of the abovementioned features. 2 Our case had multiple clinical manifestations, including the rare, massive cerebral and cerebellar infarction due to fungal vasculitis.
Various infective agents such as Mycobacterium tuberculosis, Treponema pallidum, Borrelia burgdorferi, Aspergillus and Herpes viruses, especially Varicella Zoster, are capable of causing vascular damage resulting in infective vasculitis or aneurysms in the CNS. 8, 9 Septic emboli, usually from infective endocarditis or a pulmonary abscess, may lodge in an arterial wall and cause vessel wall destruction and aneurysm formation. HIV itself may cause direct vascular damage. Although angioinvasion is commonly associated with aspergillosis, candidiasis, zygomycosis, coccidiodomycosis, cryptococcosis and histoplasmosis, infarction is uncommon. [10] [11] [12] Only a few cases of phaeohyphomycosis have been documented to present with infarction. 4, 13 The diagnosis of phaeohyphomycosis requires the demonstration of the fungal agent in tissue or in culture. Melanised fungi are characterised by slender pigmented hyphae with constrictions and bulbous ends. The amount of pigment in the wall can be variable and melanin-specific Masson-Fontana stain can be used to confirm its presence. Identification of species requires culture and is important as the choice of antifungal agent is dependent on it. The culture results from clinical samples needs careful interpretation in the context of the clinical presentation and should be corroborated with histopathology. 7 In our case, unfortunately, a tissue sample was not submitted for microbiological analysis.
Cerebral phaeohyphomycosis has a high mortality rate of about 70% 2 irrespective of the immune status of the individual. Therapy with a combination of amphotericin B, flucytosine and itraconazole and complete excision of the cerebral abscess have been shown to improve the outcome. 2 Early and complete surgical resection and flucytosine therapy has been reported with survival. 7, 14 But, in India, many of the patients are unable to afford a full course of antifungal agent and are being treated with non-lipid-based amphotericin B and fluconazole. 7 Also, in India, meningitis associated with a mass lesion and hydrocephalus invariably suggests a clinical diagnosis of tuberculosis, as seen in this case. Together, these factors could also affect the disease outcome adversely in developing countries.
Thus, the awareness that phaeohyphomycotic agents can cause CNS infection in immunocompetent individuals is imperative for early diagnosis and treatment. Otherwise, invariably a fatal outcome ensues.
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